der restraint and the ASR test. In the present study, postnatal blood sampling was replaced by another dissimilar stressful event. Animals exposed to a high prenatal glucocorticoid level (i.e. 150 g dexamethasone/kg) were statistically significantly more immobile in the forced swim test (FST) than animals exposed to a lower level of dexamethasone (50 g/ kg) and control animals. Exposure to a novel contextual stressor at 3 months of age (FST) was unassociated with changes in basal startle. These data suggest, since the high prenatal dexamethasone group showed increased immobility in the FST but coped equally well with controls in the ASR, that the outcome of environmental influences is determined by the individual circumstances as different situations require different coping abilities in the same individual.
Introduction
A large number of human and animal studies show a strong association between an adverse fetal environment and behavioral and emotional development in later life [Abe et al., 2007; Maccari et al., 2003; Nagano et al., 2008; O'Connor et al., 2002; Tazumi et al., 2005; Van den Bergh et al., 2005] . Data from animal studies provide evidence that prenatal exposure to glucocorticoids restricts fetal growth and suggest a role in programming the individual to adult disease [Hossain et al., 2008; Nagano et al., 2008; Newnham and Moss, 2001; Seckl, 2004; Seckl and Meaney, 2004; Weaver, 2009] .
The acoustic startle response (ASR) is a characteristic sequential contraction of the skeletal musculature evoked by a sudden and intense acoustic stimulus [Koch, 1999] . In animals and humans, stimuli that induce fear and anxiety or administration of anxiogenic agents increase the startle response [Grillon, 2008] . In humans, elevated startle magnitude has been proposed as a marker for anxiety disorders, including anxiety and post-traumatic stress disorder, and possibly for major depressive disorder [Bakker et al., 2009; Grillon, 2002; Grillon et al., 2005] . Studies on anxiety and depressive disorders are important as these diseases constitute a substantial proportion of the global burden of disease [World Health Organization, 2008] . Also, an increase in studies using female animals is warranted in this research field as women have a higher burden of anxiety and depression than men [World Health Organization, 2008] .
We have previously observed exaggerated startle in prenatally stressed or prenatally dexamethasone (DEX)-exposed female rats, but only in animals undergoing blood sampling under restraint prior to ASR testing [Hougaard et al., 2005a, b] . ASR testing involves confinement to a test tube. This resembles the experimental circumstances of blood sampling under restraint. In classic Pavlovian fear conditioning, a conditional stimulus is paired with an aversive unconditional stimulus in a novel context. After even a single pairing, animals will exhibit fear to the conditional stimulus, but also to the conditioning chamber and circumstances surrounding the conditioning episode [Anagnostaras et al., 2000] . Tazumi et al. [2005] observed increased baseline startle in prenatally stressed rats 1 week after exposure to light-potentiated startle, suggestive of contextual conditioning in these animals between the apparatus and the bright light. Therefore, it can be hypothesized that just one previous exposure to bright light during startle testing [Tazumi et al., 2005] or blood sampling in a bright room while being held in a restrainer in our lab [Hougaard et al., 2005a, b] could act as the unconditional stimulus/conditional stimulus/context pairing which induced the exaggerated startle in the subsequent startle test. This hypothesis is supported by studies using repeated exposure to a restrainer as a basis in post-traumatic stress disorder models [Harvey et al., 2003 [Harvey et al., , 2004 Oosthuizen et al., 2005] .
In the forced swim test (FST), the animals are tested for immobility, which is interpreted as either failure of persistence in escape-directed behavior (i.e. behavioral despair) or development of passive behavior that disengages the animal from active forms of coping with stressful stimuli [Lucki, 1997] . In the present study, the FST was used both as a postnatal stressor and as a test in itself. This allowed us to investigate new aspects of our animal model, i.e. the association between FST and ASR and coping behavior.
Stressful experiences during gestation and early life have been hypothesized to enhance susceptibility for mental illness [Cottrell and Seckl, 2009; Fumagalli et al., 2007; Maynard et al., 2001 ] but a few studies in both humans and animals have shown an association between mild prenatal stress and protective or adaptive behavioral effects: mild to moderate levels of prenatal psychological stress were positively associated with mental development and advanced motor development in 2-year-old children [DiPietro et al., 2006] , and prenatally stressed or DEX-exposed rats showed enhanced learning performance [Fujioka et al., 2001; Hougaard et al., 2005a] or lower stress-induced plasma corticosterone levels compared with controls [Van den Hove et al., 2005] . It has yet to be resolved why some individuals thrive under stressful conditions while others strive to survive. But it can be hypothesized that a system which during development has been exposed to mild levels of stress might become adapted to handling a stressor postnatally, whereas a naïve system would be less successful.
Therefore, in the present work, we hypothesized that a high level of prenatal DEX would inhibit constructive coping whereas a lower dose of prenatal DEX might facilitate coping with postnatal stressful life experiences. The aims of this study were to examine (i) if prior exposure to a postnatal stressor, lacking contextual similarities with the ASR test, would induce changes in ASR in prenatally DEX-exposed animals and (ii) if prenatal exposure to a high versus a lower dose of DEX would result in different behavioral phenotypes.
Materials and Methods
Chemicals DEX was obtained from Sigma-Aldrich, Denmark. The DEX used for animal experimentation was dissolved in 4% ethanol/ isotonic saline.
Animals
Sixty time-mated young adult rats (Wistars, HanTaC:WH, SPF) arrived at gestational day (GD) 4. The rats were randomly distributed pairwise to white plastic cages (Eurostandard III, 27 ! 43 ! 18 cm, Scanbur, DK) with pine-bedding (Lignocel S8, Brogaarden , Denmark). The cages also contained nesting mate-rial (Enviro-Dri, Brogaarden , Denmark), and environmental conditions were automatically controlled with a 12-hour lightdark cycle with lights off at 06.00 a.m. Food (Altromin Standard Diet 1324) and tap water were provided ad libitum. Clean cages and new bedding were provided twice weekly. The animal welfare committee, appointed by the Danish Ministry of Justice, granted ethical permission for the studies. All procedures were carried out in compliance with the EC Directive 86/609/EEC and with the Danish law regulating experiments on animals (permission 2007/561-1396, C-schedule 1).
DEX Exposure
From GD 14 to 21, 40 rats were given daily s.c. injections with DEX, between 10.45 and 11.45 a.m., of which half received 50 g/ kg (DEXlow) and half 150 g/kg (DEXhigh). The 20 control (CON) animals were injected s.c. with vehicle solution.
Pregnancy and Lactation Data
Forty-seven of the time-mated dams were observed with litters. The pups were weighed on postnatal day (PND) 3, and weaned at day 21.
Postweaning Investigations
At weaning, 1 female per litter was selected at random for each postnatal group (CON, CONfst, DEXlow, DEXlowfst, DEXhigh and DEXhighfst) and housed in nonsibling pairs of similar prenatal exposure and postnatal testing ( table 1 ). The animals were housed under conditions as already described except for addition of aspen chewing bars (Brogaarden , Denmark). From weaning, experimenters were kept unaware as to which prenatal exposure group the animals belonged. This was also in force during scoring of the FST data. Investigations were performed during the night phase of the diurnal cycle (dark phase) in the FST (see below) and the daylight phase (light phase) in the ASR test (between 8 a.m. and 5 p.m.). Animals from the different groups were equally distributed across the test days. Total group size: n = 32 CON, n = 24 DEXlow and n = 36 DEXhigh. Half the animals from each group were tested in the FST at 3 months of age.
Forced Swim Test
At 3 months, the animals from CONfst, DEXlowfst and DEXhighfst were tested in the FST as described previously [Porsolt, 1979; Porsolt et al., 1978] with minor modifications. Briefly, each rat was tested twice, 24 h apart. The animal was placed in a transparent cylindrical tank made from acrylic plastic (H: 55 cm, D: 24 cm). Each tank contained 38 cm of tap water (25 ° C) which was changed between each trial. On day 1 (training phase), each rat was in the tank for 15 min, on day 2 (test phase) for 5 min. The animals were taken directly from the colony room before being tested by transfer of the home cage to an adjacent laboratory. After each session, the animals were dried in a towel and placed in an animal container heated by a thermal lamp until dry. On both days, swim sessions were recorded on video. Scoring consisted of determining the dominant behavior within 5-second intervals during the first 5 min of exposure time in each session. Behavior of the rats was divided into struggle, swim and immobility activity patterns according to Cryan et al. [2002] .
The animals were not tested in the open field test prior to FST, as no difference in locomotion between prenatally DEX-exposed and CON animals was found in a pilot study in our laboratory.
Open Field Pilot Study
In a separate pilot study, female Sprague-Dawley offspring prenatally exposed to injections with 150 g DEX/kg (DEX) daily from GD 14 to 21, according to the protocol described in the main experiment, were tested for locomotion in a square open field at the age of 4 months.
Twelve DEX and 12 CON were tested. The animals were observed for 5 min in a square open field (100 ! 100 cm) situated on the floor in a bright room. The rat was placed in the center of the field, and the movements of the rat were recorded by video camera and analyzed for ambulation by Noldus Ethovision XT, version 5. Between trials, the maze was cleaned with water.
ASR and Prepulse Inhibition (PPI)
All the animals were tested for ASR at the age of 6 months ( table 1 ) using SR-Lab TM SDI startle response system (SanDiego Instruments, Inc., Europe). Testing was conducted as previously described [Hougaard et al., 2005a; Kjaer et al., 2010] .
At least 1 h before the test, the animals were transferred to the experimental room. Throughout the startle protocol, white background noise [70 dB(A)] was delivered continuously inside the chambers from a 3.5-inch tweeter (model BT2, MG Electronics, N.Y., USA) 14 cm above the animal holder (a Plexiglas tube 8.8 cm in diameter). The internal chamber light was on during testing. A 5-min acclimatization period commenced test sessions that lasted approximately 20 min and consisted of 45 trials. The startle-eliciting stimulus consisted of a 40-ms broadband 120 dB(A) noise burst. Each session started and ended with 5 120-dB(A) startle trials followed by 35 test trials delivered in semirandomized order: 10 startle trials of 120 dB(A); 5 each of 4 prepulses [72, 74, 78 and 86 dB(A), respectively + startle trials denoted PPI72, PPI74, PPI78, and PPI86, respectively]; 5 trials with no stimulus except background noise. Movement of the tube was registered for 100 ms after onset of the startle stimulus (sampling frequency 1 kHz), amplified, and the average response over 100 ms (AVG) was calculated. For each level of prepulse, AVGs were averaged and used for calculation of PPI. PPI was expressed as percent reduction in AVG compared to the average of the 10 middle startle trials: %PPI = 100 -[(AVG at prepulse + startle trial)/(AVG at startle trial) ! 100%]. 
C ON = Control; DEXlow = DEX 50 g/kg/day; DEXhigh = DEX 150 g/kg/day; FST = forced swim test.
Statistics
Analysis of variance (ANOVA) was used to analyze pregnancy and lactation data ( table 2 ). In order to avoid litter effects, the litter was considered the statistical unit. The average body weight of pups within a litter was therefore used for statistical analysis and only one pup per litter was included in each of the experimental groups. Analysis of covariance (ANCOVA) was used to test for differences in maternal body weight gain and pup weight while controlling for litter size. Kruskal-Wallis One-Way ANOVA was used to test for litter size and gestational length. Post hoc comparisons were performed by ANCOVA. Forced swim data were analyzed by two-way ANOVA. Day 1 and day 2 were analyzed separately for average immobility or struggling within the first 5 min each day with group (CONfst, DEXlowfst and DEXhighfst) as factor.
Startle data were analyzed by two-way ANOVA, with prenatal exposure (CON, DEXlow or DEXhigh) and postnatal background (naive or FST) as factors. For PPI, data were analyzed separately for each prepulse intensity. When appropriate, Fisher's LSD was applied for pairwise comparisons. The accepted level of statistical significance was ! 0.05 (SYSTAT Software Package version 12).
Results

Pregnancy and Lactation Data
Dams from the three groups were observed during pregnancy and lactation, and gestational data were recorded ( table 2 ) . No difference was found in litter size or gestational length between groups. Fewer DEXlow and CON dams gave birth to pups than DEXhigh. Of these pupless dams, 8 DEXlow and 3 CON showed no implantations, suggesting that impregnation had been unsuccessful. Maternal weight gain between GD 4 and 20 differed statistically significantly [F(2, 43) = 58.296; p ! 0.001] with litter size as covariate. Pairwise comparisons showed that CON dams gained more weight than both DEXlow (p ! 0.001) and DEXhigh (p ! 0.001), and DEXlow dams gained more weight than DEXhigh (p = 0.006). Offspring body weight at PND 3 (controlled for litter size) differed between groups [F(2, 43) = 29.507; p ! 0.001]. Pairwise comparisons indicated a differentiation between all groups with increasing DEX exposure level inversely associated with pup weight (p ! 0.05) for all comparisons. At PND 20, an overall difference in body weight was still discernible [F(2, 42) = 6.080; p = 0.005], due to lower weight of DEXhigh pups than CON (p = 0.001).
Forced Swim Test
CONfst, DEXlowfst and DEXhighfst were tested in the FST at the age of 3 months. Behavioral activity was measured for the first 5 min each day. ANOVA of day 1 showed statistically significant scored differences in immobility and struggling between treatment groups [F(2, 43 = 4.419; p = 0.018) and F(2, 43 = 4.833; p = 0.013), respectively]. Pairwise comparisons regarding effect of prenatal background demonstrated significantly increased immobility in DEXhighfst rats compared with CONfst (p = 0.021) and DEXlowfst (p = 0.012) ( fig. 1 a) , and significantly less struggling in DEXhighfst compared with DEXlowfst (p = 0.003) ( fig. 1 c) . The same behavioral activity was visible on day 2, although not statistically significant ( fig.1 b, d ).
Open Field Pilot Study
Female offspring prenatally exposed to injections with 150 g DEX/kg were tested in the open field test at the age of 4 months. One-way ANOVA showed no difference in ambulation between prenatal treatment groups (DEX: 2,654 cm; CON: 2,500 cm) [F(1, 22 = 0.354); p = 0.5].
Acoustic Startle Response
Basal Startle. At the age of 6 months, all rats were tested for ASR. Overall statistical analysis indicated no variation with prenatal exposure or postnatal FST. The average basal startle response during the middle 10 startle trials was similar in all groups ( fig. 2 ). Comparable out- Prepulse Inhibition. PPI of the startle reaction to the 120-dB noise pulse was investigated for four levels of prepulses (72, 74, 78, and 86 dB). Statistical analysis showed that PPI72, PPI78 and PPI86 were similar in CON and DEX groups, but female offspring exposed to DEX in utero exhibited an increase of their mean average PPI74 independently of postnatal experience [F(2, 86 = 6.189); p = 0.003] ( fig. 3 ) .
Discussion
There are two main findings of the present paper. First, prior exposure to FST was unassociated with changes in basal startle. Second, we observed a differential effect of DEX on immobility and struggling on day 1 of the FST together with a clear dose effect of DEX on pup weight at PND 3, which was normalized for DEXlow but not DEXhigh at PND 20. The combination of prenatal stress (chronic mild stress) or prenatal DEX (100 g/kg) with postnatal stressful blood sampling has been associated with increased basal startle in two previous studies from our group [Hougaard et al., 2005a, b] . Since positive association between blood sampling and increased startle was not present in the CON group, this study hypothesized that the prenatal stress or DEX-exposed rats may conceive a contextual link (restraint) between the two experiences. In line with this, Fujioka et al. [2001] reported enhanced ability to remember an association between an aversive stimulus and contextual clues in prenatally stressed rats. Furthermore, since increased startle can be interpreted as increased levels of anxiety or fear, contextual awareness in prenatally stressed animals may correspond well with observation of anxious patients being sensitive to threatening contexts [Grillon, 2002] . In the present study, the combination of prenatal DEX exposure with FST was unassociated with changes in basal startle despite clear indications of affected behavior in DEXhigh rats in the FST. We suggest three different explanations for this: Firstly, the FST displayed no contextual similarities with the ASR test. Consequently, if the rats received no contextual warning of specific danger when placed in the ASR apparatus, this could explain the basal startle levels comparable with those of the CON animals. But since the blood sampling under restraint procedure was not included in this study, it remains speculative whether the contextu- ally more similar stressor would have elicited increased startle in the present experiment, as observed previously [Hougaard et al., 2005a, b] . Secondly, the FST may have exerted a different stress exposure than blood sampling under restraint used as postnatal stressor in previous studies [Hougaard et al., 2005a, b; Kjaer et al., 2010] . The FST has been compared with restraint stress among other stress forms [Bowers et al., 2008; Mercier et al., 2003] . These studies used duration of increased HPA axis activity in the form of plasma or serum corticosterone (CORT) levels and core temperature changes (among others) as measures for stress intensity. Mercier et al. [2003] observed neither increase in plasma CORT nor in colonic temperature after 20-min swim stress, whereas 30-min restraint resulted in increased colonic temperature, when assessed during the dark period. Bowers et al. [2008] reported similar increases in circulating CORT after one exposure to either stress form but higher CORT values in the restraint than the FST group after repeated exposures. Yet, the latter study used mice and a duration of forced swim of only 2 min whereas the restraint procedure lasted 2 h per session. Despite the differences observed, exposure to the FST is undoubtedly a powerful stressor, but it cannot be excluded that the physiological and psychological responses might vary between the two procedures which confront the animals with different challenges (restriction of movement, pain and smell of blood versus swimming without escape). Thirdly, the animals were exposed to different doses of DEX (150 or 50 g/kg) than in our previous study (100 g DEX/kg). It could therefore be speculated that the applied doses were less effective at eliciting increased basal startle than 100 g DEX/kg. Nevertheless, results from our lab have shown that a prenatal dose of 200 g DEX/kg in combination with postnatal blood sampling under restraint was associated with highly increased basal startle [unpubl. data] , which makes it less likely that dose difference alone suffices to explain the unaltered startle.
Female offspring exposed to DEX in utero exhibited an increase in PPI74 independently of postnatal experience. This pattern was not repeated for the other levels of prepulse, so the possibility of a chance finding is highly likely. In line with this, a study by Hauser et al. [2006] also observed increased PPI to a specific stimulus level (84 dB) in prenatal DEX males. Since this result could not be replicated in a second experiment run by the same group, it was classified as a weak finding [Hauser et al., 2006] .
Immobility during forced swimming has been interpreted as development of passive behavior that disengages the animal from active forms of coping with stressful stimuli [Lucki, 1997] . In the present study, decreased mobility in the offspring from the DEXhigh group during their first exposure to the FST indicated a clear behavioral effect of the high prenatal DEX level, but the effect was only detectable on day 1. In a study by Welberg et al. [2001] , the dams received either DEX treatments (100 g/ kg/day) throughout pregnancy (DEX1-3) or during the last third of pregnancy (DEX3). Here, the adult offspring from both groups showed either no difference (DEX1-3) or increased mobility (DEX3) in the FST. A higher dose of DEX (1 mg/kg/day) but given only on GD 18 and 19 gave no effect on FST [Oliveira et al., 2006] . A very recent study performed by Hauser et al. [2009] has yielded highly interesting results. They exposed pregnant dams to 100 g DEX/kg per day during the last week of gestation through the drinking water, and offspring were crossfostered at birth to CON or DEX-exposed dams to enable separation of direct prenatal from indirect rearing dammediated effects of the treatment [Hauser et al., 2009] . The prenatal exposure was unassociated with changes in immobility, but rearing by a DEX-treated dam was associated with increased immobility in female rats [Hauser et al., 2009] . This importance of maternal care is supported by findings that maternal care/handling can affect the DNA methylation pattern [Weaver et al., 2004] and alter the stress responsiveness of the offspring [Meaney et al., 1988 [Meaney et al., , 2007 . As decreased mobility was observed in DEXhigh and increased mobility was observed in DEXlow offspring, it would be interesting to study whether an association exists between DEX dose and maternal pup-directed behavior.
When considering changes in mobility as a behavioral response in the FST, the general locomotive drive of the animals should also be taken into account. Female rats exposed to 150 g DEX/kg showed no difference in locomotion in the open field when compared with CON animals in our pilot study. Similarly, Hauser et al. [2009] observed no effect of prenatal or rearing dam treatment (CON or DEX) on distance moved in the open field test. In the study by Welberg et al. [2001] , adult offspring from DEX1-3 and DEX3 groups showed reduced exploratory behavior in an open field, yet no difference (DEX1-3) or increased mobility (DEX3) was observed in the FST. When the locomotive behavior as such appears unaffected by treatment, this could indicate that the mobility changes in the FST tests is a coping response more than an expression of locomotive drive of the animals. However, since our open field results were obtained in different animals than those tested in the FST, reduced locomotive drive cannot be ruled out as a possible explana-tion for the observation of reduced immobility in the DEXhigh group. Welberg et al. [2001] observed increased mobility in (DEX3) animals. In line with this, our DEXlow offspring showed more struggling than the DEXhigh offspring. If increased mobility in the FST corresponds to increased coping and this increased mobility is facilitated by low levels of DEX, then it would be valuable to know what constitutes low glucocorticoid exposure: dose, timing or a combination. The dose of 50 g DEX/kg (GD 14-21) used in the present study might be too low for a clear effect of increased mobility as DEXlow offspring showed increased mobility compared with DEXhigh (150 g DEX/kg), but comparable levels with CON. Similarly, Nagano et al. [2008] used 50 g DEX/kg during the 3rd week of gestation and observed no difference in mobility between CON and DEX-exposed male offspring. Timing of the stressor is also clearly important. Mobility was increased in animals treated with 100 g DEX/kg during the last week of gestation compared with CON animals, whereas animals exposed during the entire gestation showed no difference in mobility [Welberg et al., 2001 ]. The importance of interaction between dose and timing is in accordance with the concept of programming and neurodevelopment. Different cells and tissues are sensitive at different times, so the influences of environmental challenges will have distinct effects, depending not only on the challenge involved but also upon its timing [Seckl, 2004] . More studies are needed in this area to elucidate what might constitute a beneficial stress exposure. It should be noted, however, that coping ability was testspecific in our study, i.e. a difference between groups was observed in FST but not in basal startle, which makes it less clear-cut to distinguish between adaptive and maladaptive phenotypes.
Growth restriction in the offspring after glucocorticoid administration in the dam is a common finding [Newnham and Moss, 2001 ]. We observed a clear dose effect of DEX on pup weight at PND 3, normalized by PND 20 for DEXlow but not DEXhigh. This further supports the notion that the offspring were differentially affected by the different DEX concentrations.
In conclusion, we observed a differential effect of DEX on immobility and struggling in FST on day 1 but no effect on basal startle in the same animals. Possibly, contextual clues play a role for subsequent induction of increased basal startle reactivity in prenatally DEXexposed rats, but further studies are required to clearly determine which cues are relevant to observe an increase of basal startle response in animals exposed to DEX in utero. Also, different situations require different coping abilities in the same individual, and distinguishing between harmful and adaptive stressful exposures may not be apposite. Instead, the outcome of early-life experiences may be determined by the degree of 'match-mismatch' between prenatal exposures and future environment [Oitzl et al., 2009] .
